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[57] ABSTRACT 

Switching means of a satellite has a ?rst set of sWitches for 
receiving respective channel slots of de-multiplexed narroW 
band channels. The set of sWitches may be made up of four 
position sWitches 51, 52 etc. SWitch 52 may be connected 
straight through, or to the straight through positions of 
sWitches 51 and or 53 via intersWitch connections. The same 
is possible With the second set of sWitches 6. A Wide 
selection of the possible frequency slots is possible (for 
example eight out of sixteen) to alloW routing among the 
ampli?ers 9, 10, some of Which are designated as redundant. 

3 Claims, 3 Drawing Sheets 
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SWITCHING MEANS FOR USE ON-BOARD 
A SPACECRAFT 

BACKGROUND 

1. Field of the Invention 
This invention relates to switching means for use 

on-board a spacecraft. 
2. Description of the Prior Art 
Typically, a spacecraft such as a communications satellite 

has at least one receiving antenna, signal sWitching and 
amplifying means, and at least one transmitting antenna. 

In order to provide the necessary transmitted signal 
poWer, it is usual to de-multiplex (hereinafter F.D.M) the 
uplink frequency division multiplex (shoWn schematically 
in FIG. 1) and amplify the individual narroW band channels 
Which could, for example, be television channels, rather than 
amplify the broad band F.D.M. signal. 
Redundancy is provided for in satellites and, for this 

reason, a larger number of narroW band ampli?ers is pro 
vided compared With the number of active signal channels, 
and the repeater must contain redundancy sWitches to enable 
a failed narroW band ampli?er to be substituted by a previ 
ously unused (redundant) one. 

In general, the uplink frequency division multiplex Will 
contain a larger number of frequency slots than active 
channels. Thus, for example, the F.D.M. could consist of 32 
frequency slots but only 16 slots could be active. The 
on-board signal processing apparatus must therefore be 
provided With selection sWitches to enable the desired 
channels to be selected out of the larger number of 
de-multiplexed slots. 

HoWever, the ?exibility provided by knoWn selection 
sWitches is restricted. Typically, the uplink F.D.M. signal 
slots Will be conceptually arranged in pairs, such that either 
one of each pair may be selected on-board the satellite. The 
disadvantage of this is that, for reasons of convenience, it 
might be desired to select both signal slots of a pair at the 
same time. 

The invention provides sWitching means for use on-board 
a spacecraft, comprising a set of sWitches for connection 
betWeen a number of possible r.f. channel slots and a smaller 
number of active r.f. signal paths, Wherein at least tWo of the 
sWitches each have a ?rst port, for connection to a respective 
channel slot, Which is selectively connectable to a second 
port, for connection to an r.f. signal path, or to an additional 
port connected to an additional port of the other sWitch, so 
that the channel slot associated With each sWitch is connect 
able to the r.f. signal path associated With the sWitch or, via 
the sWitch interconnection, to the r.f. signal path associated 
With the other sWitch. 

This arrangement of sWitches provides ?exibility in con 
necting different channel slots along different signal paths. 
Both signal paths could be active or either could be active 
resulting from a signal in either channel slot. 

The tWo sWitches may each have tWo additional ports to 
Which the ?rst port is selectively connectable, each addi 
tional port of each sWitch being connected to an additional 
port of another sWitch. In this Way, the channel slot associ 
ated With each sWitch can be fed along at least three r.f. 
signal paths. 

Advantageously a further set of sWitches is provided for 
connection betWeen the active r.f. signal paths and selected 
ones of a greater number of r.f. ampli?ers. Preferably, at 
least tWo of the further set of sWitches each have at ?rst port, 
for connection to a respective r.f. signal path, Which is 
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2 
selectively connectable to a second port, for connection to a 
respective r.f. ampli?er, or to an additional port connected to 
an additional port of the other sWitch, so that the r.f. signal 
path associated With each sWitch is connectable to the r.f. 
ampli?er associated With that sWitch or, via the sWitch 
interconnection, to the r.f. ampli?er associated With the other 
sWitch. The further set of sWitches may be used to sWitch in 
a redundant ampli?er, for example, in order to replace a 
malfunctioning ampli?er but, in conjunction With the ?rst 
mentioned set of sWitches, the further set may also be used 
to select a particular channel slot While equally the ?rst 
mentioned set may be used to replace a malfunctioning 
ampli?er. When both sets of sWitches are used, different 
ampli?ers may be made redundant over the life of the 
satellite. This is not possible With existing sets of redun 
dancy sWitches. 

SWitching means for use in a repeater on-board a satellite 
Will noW be described, by Way of example With reference to 
the accompanying draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a typical F.D.M. 
uplink or doWnlink from the satellite; 

FIG. 2 is a schematic illustration of knoWn sWitching 
means for use on-board a satellite; 

FIG. 3 is a schematic diagram of sWitching means for use 
on-board a satellite in accordance With the invention; 

FIG. 4a illustrates one of the sWitches of the sWitching 
means of FIG. 3 in more detail; 

FIG. 4b shoWs schematically the connection of the ?rst 
and second ports of the sWitch of FIG. 4a. 

FIG. 4c shoWs schematically the connection of the ?rst 
and third ports of the sWitch of FIG. 4a. 

FIG. 4a' shoWs schematically the connection of the third 
and ?rst ports of the sWitch of FIG. 4a. 

FIG. 46 shoWs schematically the connection of the ?rst 
and fourth ports of the sWitch of FIG. 4a. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a typical F.D.M. is shoWn. The actual 
frequency values of the slots Would differ for the uplink and 
for the doWnlink. The satellite has a receiving antenna and 
a transponder in Which the Wideband F.D.M. signal is 
ampli?ed and ?ltered, de-multiplexed into respective chan 
nel slots, ampli?ed in the narroW band slots, and ?ltered in 
those slots and multiplexed for passage to the transmitting 
antenna. The sWitching means of the invention is concerned 
With the sWitching of the de-multiplexed narroW band chan 
nels before they are individually ampli?ed, and after they 
have been ampli?ed but before they are multiplexed for 
transmission. 

FIG. 2 shoWs a knoWn sWitching means for accomplish 
ing this. The sWitching means includes a ?rst set of sWitches 
1. As an example, the ?rst set of sWitches might have 16 
inputs on the left hand side and 8 outputs on the right hand 
side. The inputs are the de-multiplexed channel slots and the 
outputs are the active r.f. signal paths out of those possible 
frequency slots. These sWitches are knoWn as channel selec 
tion sWitches. The outputs are connected to the input of a 
second set of sWitches 2 Which connect the, for example, 8 
inputs to a larger number, for example, 11 individual ampli 
fying channels. These sWitches are knoWn as redundancy 
selection sWitches. Each individual channel may contain a 
travelling Wave tube ampli?er (TWTA). A number, for 
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example three, of these channels are designated as 
redundant, in order to provide a backup in case any of the 
ampli?ers designed to be operational fails during the life 
time of the satellite. After ampli?cation the ampli?ed signals 
pass through a set of sWitches 3 corresponding to the second 
set so that the active r.f. channels appear at the output of the 
set of sWitches 3 Whatever ampli?ers have been selected to 
be redundant, and these active r.f. channels are returned to 
their appropriate signal slots in another set of sWitches 4 
corresponding to the ?rst set. The active outputs from the 
fourth set of sWitches are fed to ?lters and multiplexers for 
doWnWard transmission. 

In the knoWn sWitching means, the inputs to the ?rst set 
of sWitches 1 are conceptually arranged in pairs so that each 
output can be connected to one of tWo particular inputs. The 
procedure is reversed at the set of sWitches 4. Clearly, this 
restricts the choice of channel slots Which can be used by the 
satellite. The second set of sWitches 2 and their counterpart 
3, for redundancy purposes, is more ?exible and may consist 
of a ring of four port sWitches (FIGS. 4a—4e). Each sWitch 
can connect a ?rst port (a channel slot) to a second port (an 
r.f. signal path) (straight through—FIG. 4b) or to a third or 
fourth port (FIGS. 4c, 46) connecting to respective positions 
of the neighbouring sWitches. The output can then be taken 
from the second port of the neighbouring sWitches to con 
nect to those r.f. signal paths. The position of the non 
operating or redundant ampli?ers is selected before the 
satellite is launched (usually as a design feature), and the 
redundancy ring and spare ampli?ers Will only be used in the 
event of a failure. The sWitch (FIG. 4a) has an outer 
cylindrical body 12, and an inner rotor 11 containing 
Waveguide sections 11a, 11b and 11c. The rotor is rotated 
appropriately to produce the arrangements of FIGS. 4b to 42. 

For example, the second set of sWitches could consist of 
eleven four port sWitches. The second port is connected to a 
respective TWTA. The third port of each sWitch is connected 
to the fourth port of the sWitch connected to the next above 
TWTA as seen in FIG. 2, apart from the third port of the 
sWitch connected to the top TWTA as seen in FIG. 2, Which 
is connected by a link to the fourth port of the sWitch 
connected to the bottom TWTA as seen in FIG. 2. 

The ?rst ports of the eight sWitches connected to the 
TWTAs Which have not been designated as redundant, are 
connected to the outputs of the sWitches 1. 
NoW if a TWTA fails When the satellite is in orbit, say, if 

the top TWTA (as seen in FIG. 2) fails yet is connected to 
the output of the sWitch in the set 1 through Which passes the 
top active of signal path (as seen in FIG. 2). Also, assume 
that the second TWTA from the top is designated as redun 
dant i.e., the sWitch in the set 2 it is connected to at the 
second port is not connected to an active r.f. signal path at 
the ?rst port. Instructions are noW given from the ground to 
cause the rotors of the top tWo sWitches of the set 2 to cause 
the ?rst port of the top sWitch to connect to the fourth port 
of the top sWitch, and to cause the third port of the sWitch 
beloW to connect to the second port, thereby feeding the 
active signal path through the second TWTA, Which is 
operative. Similar changes are made in the set of sWitches 3. 

Referring to FIG. 3, Which shoWs the sWitching means 
according to the invention, a much more ?exible choice of 
de-multiplexed channel slots is possible. 

There are tWenty-eight sWitches in a ?rst roW of sWitches 
5 (the left-hand vertical noW as seen in FIG. 3), and each is 
a four port sWitch as illustrated in FIGS. 4a—4e. The 
sWitches of the roW 5 are designated as fOllOWS—51, 52, 53, 
54, 55, 56, 57, 58, 59, 510, 511, 512, 513, 514, 515, 516, 517, 518, 
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4 
519 520 521 522 523 524 525 526 527 528 T‘he rOW is 
shoWn in tWo sections. 

The ?rst port of each sWitch in the roW 5 connects to a 
respective de-multiplexed channel slot, of Which fourteen 
are active. 

The third and fourth ports of the sWitches are intercon 
nected and tWo links L1, L2 complete the ring. 
The second ports of the sWitches of the roW 5 are 

connected to ?rst ports of four port sWitches of a roW 6. The 
sWitches of the roW 6 are designated as fOllOWS—61, 62, 63, 
64 65 66 67 68 69 610 611 612 613 614 615 616 617 618 

61,9, 6,20, ,621: 62,2, 6,23, 6,24, 825, ,626, ,627, ,628',The,rovvf 6 next to the roW 5. The sWitches of the roW 6 are also as 
illustrated in FIGS. 4a—4e. The third and fourth ports of the 
sWitches of the roW 6 are also interconnected. In this case, 
the sWitches are contained in tWo rings, not one as for the 
sWitches 5, links L3 and L4 completing the ring. 

TWenty ampli?ers each consisting of a driver limiter 
ampli?er 9 and a travelling Wave tube ampli?er 10 are 
distributed betWeen the tWenty-eight sWitches, being con 
nected to the second ports. Of those tWenty ampli?ers, six 
are designated as being redundant. The second ports of the 
other eight sWitches of the set 6 are connected to each other 
by means of links L5, L6, L7 and L8 (These links have 
counterparts L15, L16, L17, and L18 on the output side, and 
links L1, L2, L3, and L4 have counterparts L11, L12, L13, L14 
on the output side). 
The set of four ports sWitches 7 corresponds to the set 6, 

and connects the live r.f. ampli?ers 9, 10 to the set of four 
port sWitches 8, corresponding to the set 5, Whereupon the 
noW ampli?ed r.f. signals are returned to the appropriate of 
the tWenty-eight channel slots by the sWitches 8. The active 
outputs are fed to ?lters and multiplexers for doWnWard 
transmission the sWitches of this set 7 are designated 71, 72, 
73, 74, 75, 76, 77, 78, 79, 710, 711, 712, 713, 714, 715, 516, 517, 
518, 519, 520, 721, 722, 723, 724, 725, 526, 527, 528 and the 
sWitches of set 8 are designated 81, 82, 83, 84, 85, 86, 87, 88, 
89, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, 820, 821, 822, 
823, 824, 825, 826, 827, 828' 
Compared to the knoWn arrangement of FIG. 2, a much 

Wider choice of de-multiplexed channel slot is possible With 
the arrangement of the invention shoWn in FIG. 3. In FIG. 
2, it Was only possible to select one of each of the paired 
input channel slots. With the arrangement of FIG. 3, any 
fourteen out of the tWenty-eight channel slots can be 
selected. 

The key to the invention is the use of four port sWitches 
for the roWs 5 and 8 as Well as for the roWs 6 and 7. 

The ?exibility of the present arrangement Will become 
apparent by consideration of the channel slot input to sWitch 
57. If the ampli?ers 9, 10 in this case line cease operation, 
the signal can be redirected to frequency slot 8 using the 
sWitch interconnection of the third and fourth ports either for 
the sWitches 57, 58 or 67, 68. 
The signal can be redirected to frequency slot 5 using the 

third/fourth port interconnection of sWitches 55, 56, 57 or 65, 
66, 67 or a combination of these. This Would be feasible 
When slot 6 Was not being used. 

SWitches 7 and 8 are set corresponding to the settings of 
sWitches 6 and 5 respectively. 

It Would even be possible to use entirely the top fourteen 
or the bottom fourteen frequency slots. The third slot doWn 
Would be able to access ampli?ers 9 and 10 via the inter 
connection of sWitches 617 and 616 or 1617 and 1618, or 517 
and 516 or 517 and 518 (using link L5). 
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The arrangement of channel slots so that pairs With 
ampli?ers are interspersed With links to other outputs is 
particularly advantageous for maximum ?exibility. 
A particular advantage of the sWitching means of the 

invention is for co-located satellites Which might each cover 
a section of a broadband spectral region, so that if a channel 
failed on any of those satellites, the satellite of the invention 
Would be able to be sWitched in to replace Whatever the 
failed frequency Was almost instantaneously. 

Of course variations are possible Without departing from 
the scope of the invention. Thus, While tWenty-eight 
sWitches are shoWn, the invention is applicable to more or 
less then this number. Equally While tWenty ampli?ers are 
shoWn, siX being redundant, different numbers of redundant 
ampli?ers may be provided, and different numbers of ampli 
?ers designated as Working may be provided, depending on 
the number of channels being used. The sWitches 5 (and 8) 
may be arranged in tWo rings, like the sWitches 6, 7, or the 
latter may be arranged in a single ring. Alternatively, the 
links L1, L2 may be omitted altogether, as could be the links 
L5, L6, L7, L8, and similarly on the output side. While it is 
preferred that all the sWitches are four port sWitches, some 
of the sWitches may be tWo port sWitches (either alloWing 
straight through communication or preventing straight 
through communication), or some may be three port 
(adjacent pairs of sWitches 5 or 6 may be interconnected but 
not connected to the sWitches on either side of the pair, With 
the corresponding changes on the output side.) 

The bodies of the sWitches forming the stator may be one 
unitary piece of material. As shoWn in FIG. 3, there Would 
be tWo such blocks on the input to the ampli?ers, and a 
further tWo on the output. If desired, a single block could be 
used for the sWitches 5, 6 on the input and another single 
block for the sWitches 7, 8 on the output. The port inter 
connections may be formed in the block, but separate 
Waveguide sections may be used instead. 

It Would be usual to use isolators betWeen the ampli?ers 
9, 10 and the respective sWitches 7. 

While the sWitches have all been shoWn as being as in 
FIG. 4a i.e. Waveguide sWitches, some or all of them could 
be co-aXial sWitches, especially on the input side. In such a 
case, contact Would be made in a similar Way With a rotor 
and stator arrangement but With no Waveguide sections. 

The tWenty-eight demultipleXer narroW band channels on 
the space craft may be fed by co-aXial cable. Each co-aXial 
line may be connected to a co-aXial to Waveguide transition 
(in the case When the input sWitches are Waveguide 
sWitches). 

The frequency slots may be in the Ku band (10—18 GHZ), 
but the invention could also be used for other frequencies. 
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The frequency of the signal may be the same in the input and 
output sWitches, doWn-conversion for the doWnlink taking 
place after the output sWitches, but this could be done in the 
ampli?cation chain if desired. 
What is claimed is: 
1. SWitching means for use on-board a spacecraft, com 

prising a ?rst set of sWitches for connection betWeen a 
number of r.f. channel slots and a smaller number of active 
r.f./signal paths, at least tWo of the sWitches in said ?rst set 
each have a ?rst port, for connection to a respective channel 
slot, Which is selectively connectable to a second port, for 
connection to a corresponding r.f. signal path, or to a ?rst 
additional port thereof Which is connected in a sWitch 
interconnection to a ?rst additional port of the other one of 
the at least tWo sWitches, so that the respective channel slot 
associated With each sWitch is connectable to the corre 
sponding r.f. signal path associated With that sWitch or, via 
the sWitch interconnection, to the r.f. signal path associated 
With the other of the at least tWo sWitches; and a second set 
of sWitches provided for connection betWeen the active r.f. 
signal paths and selected ones of a greater number of r.f. 
ampli?ers than said r.f. paths, at least tWo sWitches of the 
second set of sWitches each have a ?rst port, one of said ?rst 
ports in said second set of sWitches is connected to a 
respective active r.f. signal path, said ?rst port is selectively 
connectable to a second port in said second set of sWitches, 
at least one of said second ports in said second set of 
sWitches is connected to a respective r.f. ampli?er, or said 
?rst port in said second set of sWitches is selectively 
connectable in a sWitch interconnection to a ?rst additional 
port thereof Which is connected to a ?rst additional port of 
the other sWitch of the at least tWo sWitches of the second 
set, so that the respective active r.f. signal path is connect 
able to the corresponding r.f. ampli?er either directly 
through one of the at least tWo sWitches of the second set or, 
via the sWitch interconnection, through the other one of the 
at least tWo sWitches of the second set, the second port of the 
at least tWo sWitches of the ?rst set are connected to 
corresponding ?rst ports of the at least tWo sWitches of said 
second set. 

2. SWitching means as claimed in claim 1, in Which the 
tWo sWitches of said ?rst set each have a second additional 
port to Which the ?rst port thereof is selectively connectable, 
each additional port of each sWitch being connected to an 
additional port of another sWitch. 

3. SWitching means as claimed in claim 1, in Which the at 
least tWo sWitches of said second set each have a second 
additional port to Which the ?rst port thereof is selectively 
connectable, each additional port of each sWitch being 
connected to an additional port of another sWitch. 

* * * * * 


